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Abstract
Background: The purpose of this study was to estimate the genetic influences on the initiation of cigarette
smoking, the persistence, quantity and age-at-onset of regular cigarette use in Brazilian families.
Methods: The data set consisted of 1,694 individuals enrolled in the Baependi Heart Study. The heritability and the
heterogeneity in genetic and environmental variance components by gender were estimated from variance
components approaches, using the SOLAR (Sequential Oligogenic Linkage Analysis Routines) computer package.
The mixed-effects Cox model was used for the genetic analysis of the age-at onset of regular cigarette use.
Results: The heritability estimates were high (> 50%) for smoking initiation and were intermediate, ranging from
23.4 to 31.9%, for smoking persistence and quantity. Significant evidence for heterogeneity in variance components
by gender was observed for smoking initiation and age-at-onset of regular cigarette use. Genetic factors play an
important role in the interindividual variation of these phenotypes in females, while in males there is a
predominant environmental component, which could be explained by greater social influences in the initiation of
tobacco use.
Conclusions: Significant heritabilities were observed in smoking phenotypes for both males and females from the
Brazilian population. These data add to the literature and are concordant with the notion of significant biological
determination in smoking behavior. Samples from the Baependi Heart Study may be valuable for the mapping of
genetic loci that modulate this complex biological trait.
Background
Annually, tobacco smoking is responsible for 5.4 million
deaths worldwide [1], with more than 200,000 occurring
in Brazil alone. Although smoking prevalence is decreas-
ing as a result of public policies for the prevention and
control of the tobacco epidemic, approximately 15.1% of
Brazilian adults continue to smoke, with prevalence
higher among males (17.9%) than females (12.7%) [2].
The natural history of addiction to nicotine can be
characterized in stages. An individual first tries a puff or
two, and eventually smokes a whole cigarette. Those
who experience particular reinforcing biological or psy-
cho-social influences will continue experimenting with
smoking and may progress to regular use. With suffi-
cient time and exposure, individuals with a set of predis-
positions and contextual influences will develop an
addiction to nicotine [3]. Therefore, like drinking, smok-
ing may be understood within a developmental frame-
work determined by behavior, for which precursors are
found in early childhood, and causal modifiers are evi-
dent throughout life [4].
Smoking behavior aggregates in families and in peer
networks, due to genetic dispositions and familial and
extra-familial environmental influences and it has been
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studied through several dimensions, such as smoking
initiation, persistence and quantity. Although each one
of these dimensions presents a particular genetic archi-
tecture, some genetic and environmental influences are
shared between smoking persistence, smoking initiation
[5,6], and nicotine dependence [7], suggesting an over-
lapping in the dimensionality of smoking behavior.
Previous studies have shown the heritability estimates
for the different smoking dimensions to range from 21
to 84% [5,7,8] indicating a substantial genetic compo-
nent. Significant gender differences were observed in the
contribution of genetic and shared environmental effects
to the total variance in these phenotypes [9,10].
In this paper, we estimate the genetic influences on
the initiation, persistence, quantity and age-at-onset of
regular cigarette use in the families of the Baependi
Heart Study.
Methods
Study population and sample design
The Baependi Heart Study [11] is a genetic epidemiolo-
gical study of cardiovascular disease risk factors, with a
longitudinal design. Baseline enrollment occurred
between December, 2005 and January, 2006, selecting
1,857 individuals distributed in 95 families resident in
the municipality of Baependi, a city located in the
Southeast of Brazil. Probands were identified from the
community at large in several stages. Eleven census dis-
tricts (from a total of twelve) were selected for study
and the residential addresses within each district were
randomly selected (first by randomly selecting a street,
then randomly selecting a household). Only individuals
age 18 and older, living in the selected household, were
eligible to participate in the study.
Once a proband was enrolled, all his/her first-degree
(parents, siblings, and offspring), second-degree (half-
siblings, grandparents/grandchildren, uncles/aunts,
nephews/nieces, and double cousins), and third-degree
(first-cousins, great-uncles/great-aunts, and great-
nephews/great-nieces) relatives and his/her respective
spouse’s relatives, who were at least 18 years old, were
invited to participate. After the first contact with the
proband, the first degree relatives were invited to parti-
cipate by phone, including all living relatives in the city
of Baependi (urban and rural areas) and surrounding
cities. To recruit the participants, the study was adver-
tised through provincial, religious, and municipal autho-
rities, on local television, in newspapers and radio
messages, through physicians, and by phone calls. For
physical examination, a clinic was established in an
easily accessible sector of Baependi.
Information regarding family relationships, sociodemo-
graphic characteristics, medical history, and environmen-
tal risk factors such as physical activity, smoking habit,
and alcohol use were evaluated through a questionnaire
completed by each participant. The questionnaire was
based on the WHO-MONICA epidemiological instru-
ment, and it was applied and filled out by research assis-
tants specially trained for this task.
The study protocol was approved by the ethics com-
mittee of the Hospital das Clínicas, University of São
Paulo, Brazil, and each subject provided informed writ-
ten consent before participation.
Measures
The smoking profile of this population was delineated
through four dimensions: smoking initiation, persistence,
quantity (related at average daily cigarette consumption),
and age-at-onset of regular cigarette use. No other form
of tobacco (pipe, cigar, etc.) was considered.
Five global questions collected the smoking data of the
individuals. Two questions were related to smoking ces-
sation and cigarette smoke exposure, but these data
were not used in this study.
The first question assessed the smoking status of the
individuals through three possible choices. “Did you
already smoke cigarettes?” (1) Yes, in the past, but not
currently; (2) Yes, and I still smoke; (3) I do not smoke.
Option (2) refers to regular cigarette use, and the three
choices are thus characterized as (1) former, (2) current,
and (3) non- smokers, respectively. Individuals that
never smoked, or who tried smoking a few times, but
never smoked regularly were classified as non-smokers.
The second question was related to the age-at-onset of
regular smoking: “How old were you when you started
smoking regularly?”, and the last question assessed the
average daily consumption of cigarettes: “How many
cigarettes do you/did you use to smoke per day?” The
two last questions were answered by former and current
smokers.
Statistical Analysis
Smoking initiation and persistence were analyzed as
dichotomous variables, contrasting ever versus never,
and former versus current smokers, respectively. The
smoking quantity was analyzed as a continuous variable,
representing the average number of cigarettes smoked
per day. Natural log-transformation was applied for this
trait in order to achieve the required normality assump-
tion, enabling it to be analyzed as a continuous variable.
The skewness and kurtosis statistics after natural log-
transformation were - 0.39 and 2.31, respectively.
Familial correlations using the pairwise weighting
scheme were computed for all main pair types of rela-
tives available in the pedigrees employing the program
FCOR of the computer package SAGE [12].
Polygenic heritability estimates for smoking initiation,
persistence, and quantity were calculated using the
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variance-components approach contained in the SOLAR
package [13]. In the variance component model, the
level of the trait for individual i (denoted by gi) is:
γi = μ +
c∑
j=1
βjXij + gi + ei,
where μ is the general mean of the trait, and bj is the
regression coefficient for covariate j, when applicable,
which assumes the value Xij for individual i. The
remaining parameters gi and ei are the residual genetic
effect due the polygenic term, and random error compo-
nent, respectively. The random effects gi and ei are
assumed to be uncorrelated and normally distributed
with mean zero and variance σ 2g and σ 2e , respectively. As
usual, the error component is unique to each individual,
whereas the polygenic component is shared between
individuals in proportion to their kinship coefficient.
Thus, the covariance between traits for individuals i and
i’ is given by:
⎧⎨
⎩
σ 2g + σ
2
e , for i = i
′
Cov(γi, γi) = 2φii′σ 2g , for i = i′, but related
0, for i = i′, but related
The parameter 2jii’ is the coefficient of the relation-
ship between individuals i and i’. The likelihood of the
traits of family members is assumed to follow a multi-
variate normal distribution. Estimates of the mean and
variance components were obtained using maximum
likelihood methods.
Two models were fitted to data of smoking initiation,
persistence, and quantity, considering no covariate
effects (model I), and age, sex, age2, and age by sex
interactions effects, simultaneously (model II). In all
analyses, the covariate age represents the age at the time
of interview.
Household group analyses were also performed using
the SOLAR system [13]. An additional variance para-
meter was added to model the effect of common envir-
onment, which is associated with any non-genetic factor
shared between individuals living in the same household
at the time of study. Using current residential addresses
to define households, we have obtained 740 nuclear
families from 95 families of the Baependi Heart Study.
Household effects were investigated in both polygenic
models (models I and II).
Models with distinct genetic and environmental var-
iance components were also employed to evaluate the
evidence of heterogeneity among genders in the herit-
ability estimates of smoking initiation, persistence, and
quantity, following the method described by Giolo et al.
[14]. Assuming that the phenotypes in males and
females are influenced by the same set of genes with
distinct effects among genders, models I and II,
described above, were fitted to the data. Again, the cov-
ariate age represents the age at the time of interview.
Four situations regarding the genetic and environmental
variance components among genders were considered:
homogeneity in both variance components; heterogene-
ity in at least one of the variance components; heteroge-
neity only in the environmental variance components;
heterogeneity only in the genetic variance components.
Likelihood ratio tests were applied to define the models
that presented the best fit to the data.
The variance-components approach is not appropriate
for analyzing age-at-onset data due to the presence of
censored observations. For age-at-onset of regular cigar-
ette use, we used the random effects Cox proportional
hazards model, proposed by Pankratz et al. (2005) [15],
implemented in the coxme function of the R kinship
library [16].
We fitted two mixed-effects proportional models to
assess the genetic and shared family environmental fac-
tors influencing the age-at-onset of regular cigarette use.
The first model corresponds to the polygenic effect
shared by individuals within the family according to the
degree of their relationships. The second model simulta-
neously includes both shared polygenic and shared
family environmental effects. These same models were
also employed to analyze the heterogeneity in variance
components by gender. In all analyses, the covariate sex
was included as a fixed effect in the model. Confidence
intervals of the variance components were computed
based on a profile-likelihood method [17]. This profile-
likelihood method reduces the log-likelihood to a func-
tion of a single parameter of interest by treating the
others as nuisance parameters and maximizing over
them. A code in R [16] was used to obtain such confi-
dence intervals.
It is not possible to obtain direct heritability estimates
from mixed-effects Cox models, since there is no ran-
dom error variance component. However, the variance
components estimated may be interpreted as measures
of familial aggregation [18]. The relative risk of the
smoking behavior that corresponds to the random effect
is obtained by exponentiation of the square root of the
variance component. Relative risks for each covariate
were obtained by exponentiation of their regression
coefficients.
Results
The smoking history of the families of the Baependi
Heart Study was evaluated by the four described dimen-
sions: initiation, persistence, quantity and age-at-onset
of regular cigarette use. Of the 1,857 individuals selected
in the baseline phase of the Baependi Heart Study, 1,694
(98.9%) answered the question that defines smoking
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initiation and persistent phenotypes, 648 (37.8%) the
related question of daily cigarette consumption, and 635
(37.1%) indicated the age-of-onset of cigarette use. The
data sets of smoking initiation and persistence were
composed, respectively, of 1,282 individuals (1,010 non-
smokers and 272 current smokers), and 683 individuals
(411 former smokers and 272 current smokers). Non-
smokers were not included in the quantity phenotype
data set.
The sample characteristics are shown in Table 1.
Among 1,694 adults participating in the study, 43.3%
were male and 56.7% female, ranging in age from 18 to
95 years. The frequency of current smokers was 16%,
and was higher among males (19.9%) than females
(13.1%), and was in agreement with Brazilian indices.
The frequency of young adult (18-24 years) current
smokers (9.2%) was low compared to that of the Brazi-
lian population (12.5%). Former smokers represent
24.2% of our sample, slightly higher than the average of
the Brazilian population (22%) [2]. Current and former
smokers smoked, on average, 14.1 cigarettes per day
(range 1-80). The mean age-at-onset of regular cigarette
use was 16.53 years, ranging from 7 to 50 years.
Familial correlations estimated in the various types of
relatives are presented in Table 2. Significant non-zero
correlations were observed among parent-offspring for
all analyzed traits, among siblings for smoking initiation,
and among mother-father pairs for smoking initiation
and persistence. The results indicate that individuals
with the closest relationships, genetically related or not,
tend to be more similar in their smoking habits, mainly
with respect to smoking initiation, suggesting that famil-
ial resemblance is probably associated with familial
environmental factors shared by persons closely related.
Two polygenic models were fitted for smoking initia-
tion, persistence, and quantity analysis, taking into
account no covariate effects (model I), and age, sex, age2,
and age by sex interactions effects. We did not observe
significant household effects among these traits, indepen-
dently of the model analyzed. The covariates that pre-
sented statistical significance (p < 0.001) in the polygenic
model were retained in the model to evaluate the hetero-
geneity in variance components by gender.
The heritability estimates were high (> 50%) for smok-
ing initiation and were intermediate, ranging from 23.4
to 31.9%, for smoking persistence and quantity. Although
the adjustment of the models for covariates has improved
the heritability estimates in all analyses, especially for
smoking initiation, the covariates contributed with only a
small proportion of the total phenotypic variance of each
trait, ranging from 1.3 to 8.1% (Table 3).
No significant gender differences were detected in the
heritability of smoking persistence or quantity, regard-
less of the model employed. For smoking initiation, het-
erogeneity in both genetic and environmental variance
components was observed for the model without covari-
ate effects, with the heritability estimate for females
(0.55) higher than that for males (0.47). These analysis
results are shown in Table 4.
In Table 5, we present the parameter estimates from
Cox proportional hazards models for age-at-onset of
regular cigarette use. There was no variation in the
hazard ratios associated with covariate sex interaction
among different models or analysis.
In both polygenic and polygenic and shared family
models, there was heterogeneity in genetic variance
component by gender. From the polygenic model, we
obtained an estimate of polygenic variance component
equal to 0.21 for males, with a 95% confidence interval
of 0.01 - 0.54. Considering that polygenic variance esti-
mates can be interpreted as measures of familial aggre-
gation [18], this result suggests an intermediate degree
of familial aggregation associated with the age-at-onset
of regular cigarette use and shows that the individual
Table 1 Sample characteristics.
Non-smokers Former smokers Current smokers Overall
% n % n % n n
Sex male 34.5 349 58.2 239 53.7 146 734
female 65.5 662 41.8 172 46.3 126 960
Age 18-24 20.0 202 5.6 23 9.2 25 250
25-39 31.3 316 18.7 77 24.3 66 459
40-54 22.6 229 44.1 181 41.2 112 522
55+ 26.1 264 31.6 130 25.3 69 463
Cigarettes smoked per day 1-10 NA NA 51.3 211 51.8 141 352
11-20 NA NA 30.7 126 34.2 93 219
21-30 NA NA 4.9 20 5.1 14 34
31+ NA NA 10.2 42 0.4 1 43
no answer NA NA 2.9 12 8.5 23 35
Age: age at the time of interview; NA: not available.
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relative risk of cigarette use due to polygenic effects
among males are on average exp(√0.21) = 1.58. Among
females, we observed a moderate polygenic variance
estimate of 0.40 (95% CI, 0.11 - 0.78) indicating a higher
level of familial aggregation compared to males and a
risk of cigarette use which may be 88% (exp(√0.40) =
1.88) higher than the average risk of this sample. To
evaluate the contribution of each of these two compo-
nents of unmeasured risk, we considered both polygenic
and shared family environmental random effects simul-
taneously in the model. Under this model, the polygenic
(for males and females) and shared family variance com-
ponents were 0.03 (95% CI, 0.00 - 0.35), 0.28 (95% CI,
0.01 - 0.65), and 0.25 (95% CI, 0.12 - 0.48), respectively.
Similar polygenic and shared family environmental fac-
tors influence the variation in the age-at-onset of regular
cigarette use in females while environmental factors play
a greater role than polygenic factors in males. Assuming
additivity, total variance of males and females is
0.28 (σ 2g,m = 0.03 + σ
2
f = 0.25) and
0.53 (σ 2g,m = 0.28 + σ
2
f = 0.25), respectively. Therefore,
males of families with smoking behavior may have rela-
tive risk of tobacco use 70% higher than the overall risk
in the sample, while females may have approximately
double the risk in relation to overall risk of this
population.
Discussion and Conclusions
This study investigates the smoking profile of a sample
of Brazilian adults of the Baependi Heart Study using
data collected by questionnaire based on the WHO-
MONICA epidemiological instrument. We observed in
our sample a frequency of former smokers slightly
higher and a frequency of young adult (18-24 years) cur-
rent smokers lower than the prevalence reported for the
Brazilian population. This difference could be explained
by the fact that Baependi is located in a rural area of
Brazil. The frequency of current smokers in our sample
(16%) is similar to Brazilian indices.
Several approaches have been considered to model the
genetic contributions to smoking. While twin, family
and adoption studies have been employed to dimension
genetic factors, association, linkage, and animal studies
have contributed to the identification of candidate genes
and metabolic alterations involved in the determination
of smoking phenotypes.
Different genomic regions have shown linkage with
distinct smoking dimensions, suggesting that each one
can be influenced by particular mechanistic pathways.
Significant linkage signals were identified on chromo-
somes 6, 10 and 14 for smoking initiation; 2, 3, 10, 17,
20 and 22 for smoking quantity; 2 and 10 for nicotine
dependence. Linkage to chromosomes 20 and 22 is to
loci that reside near the alpha 4 nicotinic cholinergic
receptor gene (CHRNA4) and to an intronic region of
the ADRBK2gene, which encodes the beta-adrenergic
receptor kinase 2, respectively. The ADRBK2 gene pro-
duct is an interesting candidate protein for moderating
nicotine dependence via regulating the reinforcing
effects of catecholamines [8,19,20]. Other candidate
Table 2 Interclass and intraclass correlations in different pairs of relatives for smoking initiation, persistence, and
quantity.
Type of Relatives Initiation Correlation (s.e.) Persistence Correlation (s.e.) Quantity Correlation (s.e.)
parent:offspring 0.09 (0.04)* 0.18 (0.07)* 0.16 (0.07)*
sibling 0.20 (0.04)*** 0.07 (0.05) 0.12 (0.06)
half-sibling -0.56 (0.25) — -0.55 (0.39)
grandparent 0.06 (0.08) 0.18 (0.17) -0.08 (0.22)
avuncular 0.01 (0.04) 0.02 (0.05) 0.05 (0.06)
half-avuncular -0.24 (0.28) — —
cousin 0.07 (0.04) 0.04 (0.05) 0.11 (0.07)
mother:father 0.24 (0.08)** 0.23 (0.11)* -0.003 (0.123)
s.e.: standard error; * p ≤ 0.05 ** p ≤ 00; *** p ≤ 001.
Table 3 Heritability estimates for smoking initiation, persistence, and quantity in Brazilian families.
Smoking Dimension Model h2 (s.e.), p value σ 2g σ
2
e
Initiation no covariate
age, sex, age2
0.507 (0.106), p < 0.001
0.696 (0.123), p < 0.001
0.832
0.885
0.809
0.385
Persistence no covariate
age
0.285 (0.133), p = 0.0099
0.319 (0.145), p = 0.0066
7.859
6.870
19.676
14.665
Quantity no covariate
age, sex, age × sex, age2
0.234 (0.098), p = 0.0028
0.256 (0.098), p = 0.0012
0.227
0.238
0.745
0.692
h2 (s.e.): heritability estimate (standard error); σ 2g : polygenic variance estimate; σ
2
e : environmental variance estimate.
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genes involving in the neurobiology of smoking have
been identified through genome-wide association stu-
dies. Single nucleotide polymorphisms at BDNF,
CYP2B6, and SLC6A3 were associated with smoking
initiation; at GRPR, NR3C2 with smoking persistence; at
CHRNA3, CHRNA5, MAOA, TRPV1, FOSB and EGLN2
with smoking quantity; and at SLC1A2, CYP2A6, RYR1,
and CHRNA1 with age at smoking initiation. CYP2A6 is
a well-established candidate gene for smoking, which
encodes an enzyme involved in the metabolic inactiva-
tion of nicotine to cotinine [21,22].
All analyzed traits showed a significant familial aggre-
gation in this population. The heritability estimates for
smoking initiation are high (0.51 from model I, and 0.70
from model II). Genetic influences on smoking initiation
ranging from 0.11 to 0.75 [19,23-25] are reported in
twin and sibling pair studies. In all cited studies, the
smoking initiation phenotype was defined contrasting
ever versus never smokers. Although our results are in
accordance with reported values, the direct comparison
of heritability estimates across studies is difficult because
our estimates represent broad sense heritability while all
cited studies deal with narrow sense heritability. Beha-
vioral genetic research has defined smoking initiation as
age of onset of regular smoking, age of initial experi-
mentation (first puff on a cigarette), or lifetime ever/
never smoking, but with varying requirements of what
constitutes regular smoking: under some definitions,
very infrequent smokers are classified along with those
who have never initiated [4]. The criteria for ever smo-
ker definition in our study were similar to other studies
[19,25]. For smoking persistence, the heritability esti-
mates in our sample are intermediate (0.28 from model
I, and 0.32 from model II). Similar to smoking initiation,
there are proxy measures for smoking persistence, such
as number of cigarettes smoked per day, current tobacco
use, or even nicotine dependence [4]. Heritability esti-
mates reported for current smoking and nicotine depen-
dence in twin samples are highest, ranging from 0.55 to
0.75 [24-27]. For smoking quantity, the heritability esti-
mates in our sample are also intermediate (0.23 from
model I, and 0.26 from model II) and lower than
reported values of 0.51 in sibling pairs [19] and 0.57 in
twin pairs [28]. Goode et al. (2003) [8] found an esti-
mate of similar magnitude (0.21) for self-reported maxi-
mum number of cigarettes smoked per day from
familial data, using variance components methods. In
general, studies in the literature vary as to experimental
design, methodology for parameter estimation, sample
characteristics, and, mainly, in phenotype definition,
making the direct comparison of the heritability esti-
mates very difficult. Interestingly, no study similar to
ours (i.e., extended family sampling) was found in the
literature.
Genetic effects can be confounded by within-family
transmission of behavioral patterns, thus household
effects in the families of this population were investi-
gated in all tested models. We found no evidence for
significant household effects in the smoking initiation,
persistence or quantity phenotypes. The significance of
the household effect on smoking dimensions is inconsis-
tent across previous studies. Shared environmental com-
ponents obtained from twin samples account for about
20% of the variance of smoking initiation [7] and can be
significant for both genders [27,29], in only one gender
[24], or for different age groups [23]. Little [19,27,29-31]
or no effect [24,26,32] from common environments
have been reported for smoking persistence and
Table 4 Parameter estimates from heterogeneity analysis in variance-components by gender for smoking initiation.
Model Heterogeneity in variance components by gender Selected model
h2m h
2
f s2g,m s2e,m s2g,f s2e,f Variance with heterogeneity
No covariate 0.475 0.547 1.559 1.721 0.519 0.430 genetic and environmental
age, sex, age2 0.696 0.696 0.885 0.385 0.885 0.385 no heterogeneity
h2 (s.e.): heritability estimate (standard error); h2m : heritability estimate for males; h
2
f : heritability estimate for females; s
2
g,m : polygenic variance estimate for
males; s2e,m : environmental variance estimate for males; s
2
g,f : polygenic variance estimate for females; s
2
e,f : environmental variance estimate for females.
Table 5 Variance-components and hazard ratio estimates for age-at-onset of regular cigarette use in Brazilian families.
Model No heterogeneity Heterogeneity in variance components by gender
Hazard ratio Variance components Hazard ratio Variance components
Sex s2g s2f Sex s2g,m s2g,f s2f
Polygenic 0.43*** 0.58 0.43*** 0.21 0.40
(0.33-0.91) (0.01-0.54) (0.11-0.78)
Polygenic and shared family 0.43*** 0.37 0.17 0.42*** 0.03 0.28 0.25
(0.14-0.70) (0.05-0.39) (0.00-0.35) (0.01-0.65) (0.12-0.48)
***p ≤ 0.001; s2g: polygenic variance estimate; s
2
g,m: polygenic variance estimate for males; s
2
g,f: polygenic variance estimate for females; s
2
f: variance estimate
for shared family effect.
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quantity. These inconsistencies are not surprising as
potential household effects may be heterogeneous and
may represent unmeasured factors, such as family com-
position, neighborhood characteristics and cultural back-
ground. In addition, some studies report distinct genetic
factors can be influencing the phenotypic expression of
these traits in males and females [9,23,27,29]. Our
results suggest genetic factors contribute differently to
the phenotypic expression of smoking initiation in males
and females; no evidence was found for distinct genetic
factors influencing smoking persistence and quantity
phenotypes among genders. The heterogeneity in results
among the various studies indicates that knowledge
about the genetic and environmental components of
smoking variation is still incomplete.
A high degree of familial aggregation was also
observed for age-at-onset of regular cigarette use, mainly
in females, which presented relative risks 88 to 107%
higher than the overall average risk for the entire sam-
ple. In males, there was a predominant environmental
component, which could be explained by greater social
influences in the initiation of tobacco use in this gender.
The age-at-onset of tobacco use is strongly influenced
by genetic factors, and differences in the risk of earlier
smoking initiation have been observed between females
and males [23,33]. Early age of onset of smoking is asso-
ciated with heavier smoking as an adult, a reduced prob-
ability of successful smoking cessation, and an increased
risk of early mortality [33]. Future studies, including the
relation of the age-at-onset of regular cigarette use with
socio-demographic characteristics, should be performed
to better understand this phenotype in this population.
Our study presents some limitations. The assessment
of the smoking behavior was obtained by self-report,
and our findings can be subject to phenotypic misclassi-
fication, although this is a feature of other works on this
topic. Furthermore, the data set used in this study was
small in terms of subjects evaluated and controlled vari-
ables. The Baependi Heart Study is a longitudinal study
and the first follow-up has been started. Besides the
mapping of genetic loci, new approaches should be con-
sidered to better understand the smoking behavior in
this population.
Acknowledgements
This study was supported by a grant from the São Paulo Research
Foundation (FAPESP) to the ARVRH (Grant 2010/51010-8). This work was
supported by FAPESP (Grant 2007/58150-7), and Hospital Samaritano, São
Paulo.
Some of the results of this paper were obtained by using the software
package SAGE, which is supported by a U.S. Public Health Service Resource
Grant (RR03655) from the National Center for Research Resources.
Author details
1Laboratory of Genetics and Molecular Cardiology, Heart Institute, Medical
School of University of São Paulo, Av. Dr. Enéas de Carvalho Aguiar, 44, São
Paulo, SP, 05403-000, Brazil. 2Department of Statistics, Polytechnic Center,
Federal University of Paraná, Av. Cel. Francisco H. Santos, 100, Curitiba, PR,
81531-990, Brazil. 3Department of Statistics, Mathematics and Statistics
Institute, University of São Paulo, R. do Matão, 1010, São Paulo, SP, 05508-
090, Brazil. 4Department of Health Sciences Research, Mayo Clinic, 200 First
Street S.W., Rochester, MN, 55905, USA.
Authors’ contributions
ARVRH performed data analysis and interpretation, and wrote the
manuscript. SRG, JPS, and MA participated in the concept and design of the
study, and provided statistical support for data analysis and interpretation.
CMO performed data acquisition and analysis. JEK participated in the
concept and design of the study and was a manuscript reviser. ACP
participated in the concept and design of the study, provided support for
data analysis and interpretation, and was a manuscript reviser. All authors
read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 29 June 2011 Accepted: 30 January 2012
Published: 30 January 2012
References
1. WHO: Report on the global tobacco epidemic, 2008: the MPOWER
package. Geneva: World Health Organization; 2008.
2. Brazil: Smoking. Vigitel Brazil 2010: protection and risk factors for chronic
diseases by telephone inquiry Brasília: Ministry of Health; 2011, 152.
3. Lerman C, Berrettini W: Elucidating the role of genetic factors in smoking
behavior and nicotine dependence. Am J Med Genet B Neuropsychiatr
Genet 2003, 118B(1):48-54.
4. Rose RJ: Genetics of smoking behavior. In Handbook of Behavior Genetics.
Edited by: Y -KK. New York: Springer; 2009:411-431.
5. Hall W, Madden P, Lynskey M: The genetics of tobacco use: methods,
findings and policy implications. Tobacco Control 2002, 11(2):119-124.
6. Heath AC, Martin NG: Genetic Models for the Natural-History of Smoking
- Evidence for a Genetic Influence on Smoking Persistence. Addictive
Behaviors 1993, 18(1):19-34.
7. Sullivan PF, Kendler KS: The genetic epidemiology of smoking. Nicotine
Tob Res 1999, 1(Suppl 2):S51-57, discussion S69-70.
8. Goode EL, Badzioch MD, Kim H, Gagnon F, Rozek LS, Edwards KL, Jarvik GP:
Multiple genome-wide analyses of smoking behavior in the Framingham
Heart Study. Bmc Genetics 2003, 4:S102.
9. Li MD, Cheng R, Ma JZ, Swan GE: A meta-analysis of estimated genetic
and environmental effects on smoking behavior in male and female
adult twins. Addiction 2003, 98(1):23-31.
10. Madden PAF, Heath AC, Pedersen NL, Kaprio J, Koskenvuo MJ, Martin NG:
The genetics of smoking persistence in men and women: A
multicultural study. Behavior Genetics 1999, 29(6):423-431.
11. Oliveira CM, Pereira AC, de Andrade M, Soler JM, Krieger JE: Heritability of
cardiovascular risk factors in a Brazilian population: Baependi Heart
Study. BMC Med Genet 2008, 9:32.
12. S.A.G.E.: Statistical Analysis for Genetic Epidemiology. 2009, In., Release
6.0.1 edn.
13. Almasy L, Blangero J: Multipoint quantitative-trait linkage analysis in
general pedigrees. Am J Hum Genet 1998, 62(5):1198-1211.
14. Giolo SR, Pereira AC, de Andrade M, Krieger JE, Soler JP: Evaluating gene
by sex and age interactions on cardiovascular risk factors in Brazilian
families. Bmc Medical Genetics 2010, 11:132.
15. Pankratz VS, de Andrade M, Therneau TM: Random-effects Cox
proportional hazards model: general variance components methods for
time-to-event data. Genet Epidemiol 2005, 28(2):97-109.
16. R: A language and environment for statistical computing. Viena: R
Foundation for Statistical Computing 2008.
17. Verzon DJ, Moolgavkar SH: A method for computing profile-likelihood
based confidence intervals. Appl Statist 1998, 37(1):87-94.
18. Giolo SR, Pereira AC, de Andrade M, de Oliveira CM, Krieger JE, Soler JMP:
Genetic Analysis of Age-at-Onset for Cardiovascular Risk Factors in a
Brazilian Family Study. Human Heredity 2009, 68(2):131-138.
19. Vink JM, Beem AL, Posthuma D, Neale MC, Willemsen G, Kendler KS,
Slagboom PE, Boomsma DI: Linkage analysis of smoking initiation and
Horimoto et al. BMC Medical Genetics 2012, 13:9
http://www.biomedcentral.com/1471-2350/13/9
Page 7 of 8
quantity in Dutch sibling pairs. Pharmacogenomics Journal 2004,
4(5):345-346.
20. Saccone SF, Pergadia ML, Loukola A, Broms U, Montgomery GW, Wang JC,
Agrawal A, Dick DM, Heath AC, Todorov AA, et al: Genetic linkage to
chromosome 22q12 for a heavy-smoking quantitative trait in two
independent samples. Am J Hum Genet 2007, 80(5):856-866.
21. Caporaso N, Gu F, Chatterjee N, Sheng-Chih J, Yu K, Yeager M, Chen C,
Jacobs K, Wheeler W, Landi MT et al: Genome-wide and candidate gene
association study of cigarette smoking behaviors. PLoS One 2009, 4(2):
e4653.
22. Furberg H, Kim Y, Dackor J, Boerwinkle E, Franceschini N, Ardissino D,
Bernardinelli L, Mannucci PM, Mauri F, Merlini PA, et al: Genome-wide
meta-analyses identify multiple loci associated with smoking behavior.
Nature Genetics 2010, 42(5):441-U134.
23. Heath AC, Kirk KM, Meyer JM, Martin NG: Genetic and social determinants
of initiation and age at onset of smoking in Australian twins. Behavior
Genetics 1999, 29(6):395-407.
24. Maes HH, Sullivan PF, Bulik CM, Neale MC, Prescott CA, Eaves LJ, Kendler KS:
A twin study of genetic and environmental influences on tobacco
initiation, regular tobacco use and nicotine dependence. Psychol Med
2004, 34(7):1251-1261.
25. Vink J, Willemsen G, Boomsma D: Heritability of smoking initiation and
nicotine dependence. Behavior Genetics 2005, 35(4):397-406.
26. Lessov-Schlaggar CN, Pang ZC, Swan GE, Guo Q, Wang SJ, Cao WH,
Unger JB, Johnson CA, Lee L: Heritability of cigarette smoking and
alcohol use in Chinese male twins: the Qingdao twin registry.
International Journal of Epidemiology 2006, 35(5):1278-1285.
27. Hamilton AS, Lessov-Schlaggar CN, Cockburn MG, Unger JB, Cozen W,
Mack TM: Gender differences in determinants of smoking initiation and
persistence in California twins. Cancer Epidemiol Biomarkers Prev 2006,
15(6):1189-1197.
28. Pergadia ML, Heath AC, Martin NG, Madden PAF: Genetic analyses of
DSM-IV nicotine withdrawal in adult twins. Psychological Medicine 2006,
36(7):963-972.
29. Madden PA, Pedersen NL, Kaprio J, Koskenvuo MJ, Martin NG: The
epidemiology and genetics of smoking initiation and persistence:
crosscultural comparisons of twin study results. Twin Res 2004, 7(1):82-97.
30. Morley KI, Lynskey MT, Madden PA, Treloar SA, Heath AC, Martin NG:
Exploring the inter-relationship of smoking age-at-onset, cigarette
consumption and smoking persistence: genes or environment? Psychol
Med 2007, 37(9):1357-1367.
31. Heath AC, Martin NG, Lynskey MT, Todorov AA, Madden PA: Estimating
two-stage models for genetic influences on alcohol, tobacco or drug
use initiation and dependence vulnerability in twin and family data.
Twin Res 2002, 5(2):113-124.
32. Hardie TL, Moss HB, Lynch KG: Genetic correlations between smoking
initiation and smoking behaviors in a twin sample. Addict Behav 2006,
31(11):2030-2037.
33. Andreeva TI, Krasovsky KS, Semenova DS: Correlates of smoking initiation
among young adults in Ukraine: a cross-sectional study. BMC Public
Health 2007, 7:106.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2350/13/9/prepub
doi:10.1186/1471-2350-13-9
Cite this article as: Horimoto et al.: Genetic analyses of smoking
initiation, persistence, quantity, and age-at-onset of regular cigarette
use in Brazilian families: the Baependi Heart Study. BMC Medical Genetics
2012 13:9.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Horimoto et al. BMC Medical Genetics 2012, 13:9
http://www.biomedcentral.com/1471-2350/13/9
Page 8 of 8
